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IN INFANTS AFTER 
CARDIAC OPERATIONS 
We report the use of transesophageal echocardiography in infants after cardiac 
operations while supported on extracorporeal membrane oxygenation. In all pa- 
tients transesophageal echocardiography provided valuable information when stan- 
dard transthoracic echocardiographic evaluation was limited by poor acoustic 
windows. This report describes the application of transesophageal echocardiography 
during extracorporeal membrane oxygenation after cardiac operations. (J THORAC 
CARDIOVASC SURG 1995;109:846-8) 
Barry Marcus, MD, James B. Atkinson, MD, Pierre C. Wong, MD, 
Anthony C. Chang, MD, Winfield J. Wells, MD, George G. Lindesmith, MD, and 
Vaughn A. Starnes, MD, Los Angeles, Calif 
E xtracorporeal membrane oxygenation (ECMO) offers lifesaving support in pediatric patients with 
severe cardiopulmonary failure after cardiac sur- 
gery. 1-7 Transthoracic echocardiography is generally 
the diagnostic modality of choice to evaluate post- 
operative residua or ventricular function in a child 
after cardiac surgery. There are instances, however, 
when transthoracic acoustic windows are limited by 
an open sternum, chest wall bandages, or mediasti- 
nal air after the operation. The use of transesopha- 
geal echocardiography (TEE) in children has been 
established for intraoperative evaluation of cardiac 
operations, intensive care unit assessment, interven- 
tional cardiac catheterization, and selected outpa- 
tient evaluations, s-15 We report the use of TEE for 
anatomic and physiologic assessment in infants dur- 
ing ECMO after cardiac operations. 
Patients 
CASE 1. A 12-day-old girl weighing 2.8 kg with D- 
transposition of the great arteries, large secundum atrial 
septal defect, large inlet muscular ventricular septal de- 
fect, and patent ductus arteriosus underwent an arterial 
switch operation, closure of atrial and ventricular septal 
defects, and division of patent ductus arteriosus. The 
patient was successfully weaned from cardiopulmonary 
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bypass. However, after infusion of fresh frozen plasma, an 
acute anaphylactoid reaction occurred with diffuse ery- 
thema and associated hypotension. After resuscitative 
efforts, TEE assessment revealed severe global biventricu- 
lar dysfunction, and ECMO was instituted for myocardial 
support. Complete TEE evaluation of intracardiac and 
great vessel anatomy and ventricular function was per- 
formed16, 17 after the patient had been rewarmed and 
weaned from cardiopulmonary b pass but before decan- 
nulation and sternal closure. TEE was performed with a 
6.8 mm tip biplane pediatric (Toshiba) probe with two- 
dimensional imaging, M-mode, and pulsed Doppler and 
Doppler color flow mapping capabilities connected to a 
Toshiba SSH-140A ultrasound system (Toshiba American 
Medical Systems Inc., Tustin, Calif.). Because of cardiac 
edema, the sternum was not closed and the wound was 
covered with a silicone patch (Mentor Corporation, Go- 
leta, Calif.). Serial TEE evaluations at 24 and 48 hours of 
ECMO initially revealed persistently poor biventricular 
function, but 48 hours after the operation left ventricular 
function appeared markedly improved, prompting decan- 
nulation of the ECMO. During weaning to decannulation 
while the patient was receiving inotropic and afterload 
reduction pharmacologic support, continuous TEE mon- 
itoring of cardiac function revealed normal ventricular 
function on discontinuation of ECMO support. Subse- 
quently, the sternum was closed and predischarge trans- 
thoracic echocardiographic evaluation revealed normal 
biventricular function. 
CASE 2. A 10-day-old boy weighing 3.8 kg with D- 
transposition of the great arteries, large muscular ventric- 
ular septal defect, and mitral accessory chordae xtending 
across the left ventricular outflow tract underwent an 
arterial switch operation, patch closure of the large mus- 
cular ventricular septal defect, and resection of accessory 
mitral valve chordae. Intraoperative TEE after repair 
revealed a structurally intact repair with depressed left 
ventricular function. Because of hemodynamic instability 
and cardiac edema, the sternum was lefl open and the 
wound was covered with a silicone patch. Hypotension 
with decreased cardiac output led to ECMO support 4 
hours after the operation. The patient's condition was 
stabilized by ECMO, but an attempt to wean at 36 hours 
was unsuccessful because of poor cardiac output. Echo- 
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cardiographic reevaluation was performed with particular 
interest in the coronary artery connections. Transthoracic 
echocardiography was inadequate because of limited 
acoustic windows, but TEE again demonstrated coronary 
artery anastomoses to the aorta to be widely patent 
without kinking or distortion. No residual outflow tract 
obstruction or arterial stenosis was apparent, but a large 
pericardial effusion had developed and left ventricular 
function was poor. Surgical drainage of the pericardial 
effusion led to an immediate improvement in hemody- 
namics with subsequent rapid weaning from ECMO and 
chest closure. Predischarge transthoracie chocardio- 
graphic evaluation demonstrated normal eft ventricular 
function. 
CASE 3. A 21/2-year-old boy weighing 13.3 kg had com- 
pletion of Fontan cavopulmonarY connection for hypo- 
plastic left heart complex with a prior stage II palliative 
reconstructive operation. Intraoperative TEE diagnosed 
severe right ventricular dysfunction and tricuspid insuffi- 
ciency immediately after the operation, necessitating 
ECMO support. The lateral tunnel cavopulmonary anas- 
tomoses were unobstructed. The sternum was left open, 
which precluded transthoracic e hocardiographic assess- 
ment. Repeat TEE 5 days later during ECMO revealed 
improved right ventricular function allowing for successful 
discontinuation f ECMO and sternal closure. Predis- 
charge transthoracic e hocardiographic evaluation dem- 
onstrated right ventricular function to be normal 
Methods 
All TEE studies were performed uring the ECMO 
state, with the child mechanically ventilated, heavily se- 
dated, and paralyzed. With the child supine, the head 
midline, and the jaw supported, the slightly anteriorly 
flexed, unlocked TEE probe was gently passed into the 
esophagus by means of a nonvisually directed technique. 16
A complete TEE assessment 16'17 was performed with 
focus on issues particularly pertinent o the previous 
operation, evaluation of ventricular function, and assess- 
ment for pericardial ettusion. 
Results 
In all infants TEE allowed complete chocardio- 
graphic evaluation of the anatomic and physiologic 
results of surgical repair, and in eaeh of these infants 
the repair was excellent. TEE revealed the problem 
requiring ECMO support in two infants to be that of 
a stunned myocardium, from which they gradually 
recovered, and in a third infant pericardial effusion 
was diagnosed by TEE, drained, and the ehild was 
rapidly weaned from ECMO thereafter. 
Discussion 
ECMO can support the patient with postbypass 
stunned myocardium and ventricular dysfunction, 
allowing gradual recovery of myocardial function. 1-7 
These patients often leave the operating room with 
an open sternum eovered with a silicone dressing 
because of cardiac edema or have chest bandages or 
mediastinal ir, any of which can limit transthoracic 
acoustic windows. 12' 18 When transthoracic echocar- 
diographic assessment is suboptimal, the retrocar- 
diac vantage point of TEE avoids these problems. 
TEE allows for assessment of intracardiac repair for 
postoperative r sidua and serial evaluation of ven- 
tricular function before and during ECMO decan- 
nulation to assess the myocardial response. TEE 
also provides immediate assessment of the adequacy 
of the cardiac repair during the operation, so that if 
the problem remains uncorrected the patient may be 
returned to cardiopulmonary bypass for further 
repair, s-ll without he need for ECMO. 
Systemic anticoagulation, which is associated with 
ECMO support, is not a contraindication for TEE 
19 20 probe insertion or manipulation, ' and neither we 
nor others have found bleeding or a propensity for 
esophageal trauma to be a problem during the 
operation or in outpatients with prosthetic heart 
valves who are receiving anticoagulants. 8-12' 1»,19 
The short duration of our TEE studies (10 to 37 
minutes) should not incur risk of esophageal ther- 
mal or pressure injury. 2°' 21 If continuous monitoring 
beyond 1 hour was to be used, such as for serial 
evaluation of ventricular function during weaning 
from ECMO, we suggest periodically turning off the 
ultrasound system and passing the probe tip into the 
stomach to avoid the risk of esophageal thermal and 
pressure injury. The smallest patient in whom we 
have inserted this particular pediatric TEE biplane 
probe weighed 2.8 kg. The lower limit for patient 
weight depends on the specific size of the pediatric 
TEE probe used. Probe sizes vary with the different 
manufacturers of ultrasonic equipment and use may 
also depend on operator experience. Precaution 
must be taken not to perform TEE in neonates with 
esophageal abnormalities such as tracheoesopha- 
geal fistula. None of the patients had complications, 
or problems with ECMO support, associated with 
TEE evaluation. 
TEE can be a safe and valuable diagnostic tool 
during ECMO support and can direct timing of 
decannulation from ECMO. 
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